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Abstract

We present a brief outline of the basic physics of photon induced nuclear reactions and describe the
history and current content of modern photonuclear databases.
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1 Photonuclear physics

A photonuclear interaction begins with the absorption of a photon by a nucleus, leaving the nucleus in an
excited state. The nucleus then undergoes multiple de-excitation processes emitting secondary particles
and possibly undergoing fission. There are two main mechanisms for photon absorption by a nucleus: the
giant dipole resonance (relevant for photon energies in the range 12-16 MeV) and quasi-deuteron absorption
(relevant for energies < 150 MeV). For photon energies below about 2 MeV there is also a relatively weak
process: Nuclear Resonance Fluorescence (NRF). In this process the photon induces a magnetic dipole
vibrational resonance of the nucleus. It is about a hundred times weaker than the giant dipole resonance and
is extremely narrow, on the order a few keV. The key feature is that it produces characteristic, i.e. isotope
dependent, gamma-ray emission lines.

The giant dipole resonance can be viewed as an electromagnetic wave (photon) inducing an electric
dipole-like vibrational resonance of the nucleus as a whole, which results in a collective excitation of the
nucleus. The giant dipole resonance occurs with highest probability when the wavelength of the photon is
comparable to the size of the nucleus. This typically occurs for photon energies in the range of 12 to 16
MeV and has a resonance width of a few MeV. For energies above 16 MeV, photons are mostly absorbed
through the quasi-deuteron absorption process. Here the incident photon interacts with the dipole moment
of a correlated neutron-proton pair inside the target nucleus.

Once the photon has been absorbed by the nucleus, single or multiple particle emission can occur.
For energies below 150 MeV, a combination of gamma-rays, neutrons, protons, deuterons, tritons, helium-3
particles, alphas and fission fragments can be emitted. The threshold for the production of a given secondary
particle is governed by the separation energy of that particle, which is typically a few MeV up to 10’s of
MeV. Most of these particles are emitted via pre-equilibrium and equilibrium mechanisms.

Pre-equilibrium emission occurs when a particle within the nucleus receives a large amount of energy
from the absorption mechanism and escapes the binding force of the nucleus after at least one, but very few,
interactions with other particles. This process occurs on a fast time scale compared to equilibrium emission.

Equilibrium emission can be viewed as particle evaporation. This process typically occurs after the
available energy has been distributed among the nucleons. In the classical sense, particles boil out of the
nucleus as they penetrate the nuclear potential barrier. For heavy elements, evaporation neutrons are emitted
preferentially (versus charged particles, such as protons, deuterons, alphas, etc.) as they are not subject to
the Coulomb barrier. After these initial emissions, the nucleus is still in an excited state, and will relax to
the ground state by the emission of one or more gamma-rays.

Fission is often modeled as a form of evaporation, and it occurs at roughly the same time scale (i.e. it
competes with equilibrium emission but occurs after pre-equilibrium emission), however it is a completely
separate kind of process. Fission is viewed as a mostly adiabatic distortion of a highly deformed nucleus.
The fission process results in two fragments. For each parent nucleus, there is a relatively broad distribution
of possible daughter fragment combinations. Each daughter nucleus can then undergo further decay.

The various de-excitation processes (pre-equilibrium emission, equilibrium emission, and individual
fission) have decay widths in the the range 0.01 MeV up to 10 MeV, which corresponds to very short decay
times of 0.1 ps down to 10−23 seconds. In multiplying materials, where neutrons from one fission event
trigger fission elsewhere in the material, there is an additional time structure due to the transport time and
thermalization time of the secondary neutrons. For fission chains this results in times of a few ns up to µs
for the output of particles after the initial, primary fission.
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2 Photonuclear data evaluations

In the mid 1990’s a research coordination project was formed under the auspices of the International Atomic
Energy Agency (IAEA) to collect all relevant experimental photonuclear data and to release a library of eval-
uated data files covering major isotopes of importance to structural, shielding, activation analysis, fission,
and transmutation applications [1]. The two main goals were:

1. Review and choose the highest quality photonuclear data available at that time, taking from the Ko-
rean Atomic Energy Institute (KAERI), the Japanese Atomic Energy Institute (JENDL), a collabora-
tion between IPPE/Obninsk and CDFE/Moscow (BOFOD, Russia), the Chinese Nuclear Data Center
(CNDC) and the Los Alamos National Laboratory (LANL) libraries;

2. Develop new evaluations for important nuclei not covered by other libraries.

As part of this coordinated effort, the LANL Nuclear Theory and Applications group (T-2) produced
a series of photonuclear evaluations for the Accelerator Production of Tritium (APT) project. These were
released in 1999 as the LANL150u nuclear data library [2, 3, 4, 5].

In 2000 the complete IAEA photonuclear library [6] was released and it contains all of the LANL150u
library. In 2006 the US nuclear data program produced a new photonuclear data library as part of ENDF/B-
VII.0 [7]. There is substantial overlap between evaluations among these libraries: the ENDF/B-VII.0 pho-
tonuclear library was taken almost entirely from the IAEA photonuclear library, adding 240Pu and 241Am
and improving 22 other isotopes. The actinides that were improved for ENDF/B-VII.0 now contain prompt
and delayed fission neutron spectra. Table 1 (on page 10) lists all of the photonuclear evaluations in the
ENDF/B-VII.0 library and indicates which isotopes were modified from the original IAEA photonuclear
library. This table also shows which evaluations are taken from the LANL150u library.

A few examples of the input data and resulting evaluation (in this case BOFOD) are given in Figures 1-4
in which we show the main cross sections for 232Th, 235U, 238U and 239Pu from [6]. In figure 5, we show the
ν̄ evaluation added to the ENDF/B-VII.0 library. While the cross sections shown are the cross sections from
the IAEA photonuclear library, they were unchanged in the ENDF/B-VII.0 library. One should note from
these plots that the cross section evaluations stop at 20 MeV incident γ energy, even in cases where there is
data available above this energy. In fact, all evaluations from the BOFOD library (232Th, 233−238U, 237Np
and 238−241Pu) stop at 20 MeV whereas the rest of the library extends to 140-150 MeV, depending on the
isotope. This is a real feature of both the IAEA photonuclear and ENDF/B-VII.0 libraries, i.e. photofission
artificially and incorrectly “turns off” at 20 MeV.

The TENDL-2009 [8] library, produced by the Nuclear Research and Consultancy Group (NRG) in
the Netherlends, takes a very different approach. The library is produced by tuning some of the inputs to
the TALYS Hauser-Feshbach model in an attempt to reproduce all available neutron incident cross section
data. This results in good agreement with some isotopes and discrepancies of up to a factor of two for
others. The same input parameters are then used in the model to calculate photonuclear cross sections, but
no comparison with data have been done. The library contains photonuclear cross sections for all stable
isotopes and isotopes with half-life greater than 1 second (resulting in 1164 isotopes in the photonuclear
sublibrary). This library is available from the TALYS website1 and is transport code ready. All of the
TENDL-2009 photonuclear evaluations end at 30 MeV. In Fig. 6 we show the 235U(n,f) cross section
comparing ENDF/B-VII.0 and TENDL-2009.

1http://www.talys.eu/tendl-2009/
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Figure 1: Summary of photonuclear cross-sections for 232Th from ref. [6].
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Figure 2: Summary of photonuclear cross-sections for 235U from ref. [6].
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Figure 3: Summary of photonuclear cross-sections for 238U from ref. [6].
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Figure 4: Summary of photonuclear cross-sections for 239Pu from ref. [6].
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ENDF/B-VII.0: Next Generation... NUCLEAR DATA SHEETS M.B. Chadwick et al.

FIG. 74: Neutron production cross sections for photons inci-
dent on 235U. The LANL evaluation, adopted for ENDF/B-
VII.0, is compared with the experimental data. The reason
that the evaluation is discrepant with the Berman data above
12 MeV, is that the evaluated photoabsorption cross section
was taken from the Varlamov evaluation.

dose), relative biological effectiveness (RBE), activation,
and shielding.

The data included in ENDF/B-VII.0 are based upon
those produced recently by an IAEA Coordinated Re-
search Project (CRP), led by Chadwick and Obložinský
from the US CSEWG project. The ENDF data evalua-
tions were developed at the laboratories participating in
this project (Los Alamos, Brookhaven, Sao Paulo, Ob-
ninsk, Moscow, JAERI, KAERI, Beijing, Vienna) and
are also available from the IAEA. A technical report that
describes these data in detail, including figures for all 164
isotopes (ENDF/B-VII.0 contains 163 materials) com-
paring the evaluated data with measurements, is avail-
able [5]. Journal articles detailing the photonuclear eval-
uations from Los Alamos have also been published [235–
237].

Because these photonuclear evaluations have been doc-
umented in detail (with extensive comparisons against
the measured data) [5, 235–237], we do not repeat these
comparison figures here. However, we do describe a re-
cent development for the actinide photonuclear data, mo-
tivated by needs in the nonproliferation community.

In the IAEA Coordinated Research Project, the orig-
inal actinide cross section evaluations came from Ob-
ninsk, Russia. Because these evaluations did not in-
clude delayed neutron information from photofission, de-
layed neutron data were added to the Obninsk evalu-
ations by Los Alamos. This is particularly important,
since certain active interrogation schemes for detecting
SNM involve pulsing a cargo container, for instance, with
bremsstrahlung photons and measuring delayed neutron
emission signals that point to fission, and therefore the
presence of actinides.

FIG. 75: Fission cross sections for photons incident on 238U.
The ENDF/B-VII.0 evaluation is compared with the available
experimental data.

FIG. 76: Prompt nubar for photons incident on 235U. Our
evaluation uses the Caldwell data, LLNL.

Recently, at Los Alamos, in collaboration with CEA
Saclay [236], we have evaluated the actinide photonuclear
cross sections for 235,238U, 239,240Pu, 241Am and 237Np,
having extended our GNASH modeling code to model the
photofission processes. We were able to make extensive
use of GNASH nuclear reaction modeling parameters al-
ready developed for our work on neutron reactions (e.g.,
fission barriers, level densities, etc). This enabled us to
use our more advanced computational tools for predict-
ing exclusive cross sections, spectra, and angular distri-
butions for the emitted neutrons. For illustration, eval-
uated neutron production cross sections for 235U+γ are
shown in Fig. 74 and evaluated 238U(γ,f) cross sections
in Fig. 75.
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FIG. 79: Delayed nubar for photons incident on 235U. Ex-
perimental data are for bremsstrahlung photons, data points
refer to the average incident energy.
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FIG. 80: Delayed nubar for photons incident on 238U. Ex-
perimental data are for bremsstrahlung photons, data points
refer to the average incident energy.
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FIG. 81: Delayed nubar for photons incident on 239Pu. Ex-
perimental data are for bremsstrahlung photons, data points
refer to the average incident energy.

Our evaluations for the prompt fission neutron multi-
plicity, ν̄p, were based on using the measured data from
Livermore [238]. These data are shown in Figs. 76, 77
and 78 for 235,238U and 239Pu respectively. In Fig. 78 we
show, for comparison, the results from the Russian (Ob-
ninsk) evaluation, labeled as Blokhin et al. (1999). We
also show the results that would be obtained if one took
the ENDF neutron evaluation for the A-1 system shifted
by the neutron separation energy (i.e., comparing γ +
239Pu with n+238Pu, shifted by the neutron separation
energy), since one would expect these results to be sim-
ilar (except for small effects due to the different angular
momentum in the two channels). It is reassuring that
indeed the two approaches lead to similar results.

For the photofission delayed neutron multiplicities, our
approach has been to utilize the equivalent neutron in-
duced evaluations for the A-1 system (shifted by the neu-
tron separation energy), but then to renormalize these
values so as to better match the measured data from
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Our evaluations for the prompt fission neutron multi-
plicity, ν̄p, were based on using the measured data from
Livermore [238]. These data are shown in Figs. 76, 77
and 78 for 235,238U and 239Pu respectively. In Fig. 78 we
show, for comparison, the results from the Russian (Ob-
ninsk) evaluation, labeled as Blokhin et al. (1999). We
also show the results that would be obtained if one took
the ENDF neutron evaluation for the A-1 system shifted
by the neutron separation energy (i.e., comparing γ +
239Pu with n+238Pu, shifted by the neutron separation
energy), since one would expect these results to be sim-
ilar (except for small effects due to the different angular
momentum in the two channels). It is reassuring that
indeed the two approaches lead to similar results.

For the photofission delayed neutron multiplicities, our
approach has been to utilize the equivalent neutron in-
duced evaluations for the A-1 system (shifted by the neu-
tron separation energy), but then to renormalize these
values so as to better match the measured data from
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Our evaluations for the prompt fission neutron multi-
plicity, ν̄p, were based on using the measured data from
Livermore [238]. These data are shown in Figs. 76, 77
and 78 for 235,238U and 239Pu respectively. In Fig. 78 we
show, for comparison, the results from the Russian (Ob-
ninsk) evaluation, labeled as Blokhin et al. (1999). We
also show the results that would be obtained if one took
the ENDF neutron evaluation for the A-1 system shifted
by the neutron separation energy (i.e., comparing γ +
239Pu with n+238Pu, shifted by the neutron separation
energy), since one would expect these results to be sim-
ilar (except for small effects due to the different angular
momentum in the two channels). It is reassuring that
indeed the two approaches lead to similar results.

For the photofission delayed neutron multiplicities, our
approach has been to utilize the equivalent neutron in-
duced evaluations for the A-1 system (shifted by the neu-
tron separation energy), but then to renormalize these
values so as to better match the measured data from
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Our evaluations for the prompt fission neutron multi-
plicity, ν̄p, were based on using the measured data from
Livermore [238]. These data are shown in Figs. 76, 77
and 78 for 235,238U and 239Pu respectively. In Fig. 78 we
show, for comparison, the results from the Russian (Ob-
ninsk) evaluation, labeled as Blokhin et al. (1999). We
also show the results that would be obtained if one took
the ENDF neutron evaluation for the A-1 system shifted
by the neutron separation energy (i.e., comparing γ +
239Pu with n+238Pu, shifted by the neutron separation
energy), since one would expect these results to be sim-
ilar (except for small effects due to the different angular
momentum in the two channels). It is reassuring that
indeed the two approaches lead to similar results.

For the photofission delayed neutron multiplicities, our
approach has been to utilize the equivalent neutron in-
duced evaluations for the A-1 system (shifted by the neu-
tron separation energy), but then to renormalize these
values so as to better match the measured data from
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Figure 5: Summary of prompt and delayed ν̄ data added to the major actinides in the ENDF/B-VII.0 library
[7].
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Figure 6: Summary of photo-fission cross-sections for 235U from experimental data and the ENDF/B-VII.0
and TENDL-2009 nuclear data libraries.
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Table 1: Contents of the photonuclear sublibrary of the ENDF/B-VII.0 nuclear data library. As most of
these evaluations were taken from the IAEA Photonuclear Library, modified ones are footnoted and the
original evaluation from the IAEA Photonuclear Library is stated in the footnote. Only Th, U, Np, Pu, and
Am have photofission data and are marked as such with an asterisk in the target name.

Target Authors Source Library Date
2H G. Hale ENDF/B-VII.0 Jan. 2005 2

9Be B. Yu, J. Zhang, Y. Han CENDL/G Dec. 1998
12C M. Chadwick, P. Young LANL150u Oct. 1999
13C Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
14N Han, Lee, Oblozinsky, Chadwick ENDF/B-VII.0 Dec. 1999 3

15N Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
16O M. Chadwick, P. Young LANL150u Nov. 1999
17O Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
18O Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
23Na Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
24Mg Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
25Mg Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
26Mg Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
27Al M. Chadwick, P. Young LANL150u Dec. 1999
28Si M. Chadwick, P. Young ENDF/B-VII.0 Nov. 1999 4

29Si Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
30Si Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
32S Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
33S Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
34S Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
36S Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
35Cl Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
37Cl Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
36Ar Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
38Ar Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
40Ar Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
40Ca M. Chadwick, P. Young LANL150u Dec. 1998
42Ca Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
43Ca Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
44Ca Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
46Ca Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
48Ca Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
46Ti Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
47Ti Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
48Ti Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999

2Replaces T. Murata, JENDL High Energy File, JAERI, Aug. 1995.
3Replaces T. Murata, JENDL High Energy File, JAERI, Aug. 1995.
4Replaces Y. Han, Y.-O. Lee, KAERI/G-1, KAERI, Dec. 1999.
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Target Authors Source Library Date
49Ti Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
50Ti Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
51V B. Yu, Y, Han, J. Zhang CENDL/G Apr. 1998
50Cr Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 5

52Cr Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 6

53Cr Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 7

54Cr Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 8

55Mn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
54Fe Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 9

56Fe M. Chadwick, P. Young ENDF/B-VII.0 Sep. 1998 10

57Fe Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
58Fe Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
59Co Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
58Ni Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 11

60Ni Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
61Ni Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
62Ni Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
64Ni Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
63Cu M. Chadwick, P. Young LANL150u Dec. 1999
65Cu Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 12

64Zn Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 13

66Zn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
67Zn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
68Zn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
70Zn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
70Ge Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
72Ge Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
73Ge Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
74Ge Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
76Ge Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
84Sr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
86Sr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
87Sr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
88Sr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
90Sr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
90Zr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999

5Replaces B. Yu, Y. Han, J. Zhang, CENDL/G, CNDC, Oct. 1998.
6Replaces Y. Han, B. Yu, J. Zhang, CENDL/G, CNDC, Oct. 1998.
7Replaces Y. Han, B. Yu, J. Zhang, CENDL/G, CNDC, Oct. 1998.
8Replaces Y. Han, B. Yu, J. Zhang, CENDL/G, CNDC, Oct. 1998.
9Replaces Lee Samyol, M. Igashira, N. Kishida, JENDL High Energy File, JAERI, Mar. 1995

10Replaces Lee Samyol, M. Igashira, N. Kishida, JENDL High Energy File, JAERI, Mar. 1995.
11Replaces N. Kishida, JENDL High Energy File, JAERI, Mar. 1995
12Replaces N. Kishida, JENDL High Energy File, JEARI, Oct. 1999
13Replaces N. Kishida, JENDL High Energy File, JEARI, Mar. 1995
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Target Authors Source Library Date
91Zr Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 14

92Zr Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 15

93Zr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
94Zr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
96Zr Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 16

93Nb Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
94Nb Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
92Mo Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
94Mo Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
95Mo Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
96Mo Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
97Mo Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
98Mo Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
100Mo Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
102Pd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
104Pd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
105Pd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
106Pd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
107Pd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
108Pd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
110Pd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
107Ag Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
108Ag Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
109Ag Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
106Cd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
108Cd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
110Cd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
111Cd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
112Cd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
113Cd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
114Cd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
116Cd Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
112Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
114Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
115Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
116Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
117Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
118Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
119Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
120Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
122Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999

14Replaces B. Yu, Y, Han, J. Zhang, CENDL/G, CNDC, Mar. 1998.
15Replaces B. Yu, Y, Han, J. Zhang, CENDL/G, CNDC, Mar. 1998.
16Replaces B. Yu, Y, Han, J. Zhang, CENDL/G, CNDC, Mar. 1998.

UCRL-TR-455702



13

Target Authors Source Library Date
124Sn Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
121Sb Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
123Sb Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
120Te Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
122Te Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
123Te Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
124Te Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
125Te Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
126Te Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
128Te Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
130Te Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
127I Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
129I Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
133Cs Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
135Cs Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
137Cs Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
141Pr Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
144Sm Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
147Sm Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
148Sm Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
149Sm Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
150Sm Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
151Sm Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
152Sm Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
154Sm Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
158Tb Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
159Tb Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
165Ho Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
181Ta M. Chadwick, P. Young ENDF/B-VII.0 Apr. 1999 17

180W B. Yu, Y, Han, J. Zhang CENDL/G Dec. 1997
182W B. Yu, Y, Han, J. Zhang ENDF/B-VII.0 Dec. 1997 18

183W B. Yu, Y, Han, J. Zhang CENDL/G Dec. 1997
184W M. Chadwick, P. Young LANL150u Apr. 1998
186W B. Yu, Y, Han, J. Zhang ENDF/B-VII.0 Dec. 1997 19

197Au Y. Han, Y.-O. Lee KAERI/G-1 Dec. 1999
206Pb M. Chadwick, P. Young LANL150u Dec. 1998
207Pb M. Chadwick, P. Young LANL150u Dec. 1998
208Pb M. Chadwick, P. Young LANL150u Sep. 1998
209Bi Y. Han, Y.-O. Lee ENDF/B-VII.0 Dec. 1999 20

17Replaces Y. Lee, J. Chang, T. Fukahori, JENDL High Energy File, JAERI, Dec. 1997.
18Replaces T. Asami, JENDL High Energy File, JAERI, Jun. 1996
19Replaces T. Asami And N. Kishida, JENDL High Energy File, JAERI, Dec. 1999
20Replaces B. Yu, Y. Han, CENDL/G, CNDC, Oct. 1998.
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Target Authors Source Library Date
232Th* Blokhin A. I., et al. BOFOD-98 Feb. 1998
233U* Blokhin A. I., et al. BOFOD-98 Feb. 1998
234U* Blokhin A. I., et al. BOFOD Feb. 1999
235U* M. Giacri, D. Ridikas, M. Chadwick ENDF/B-VII.0 Aug. 2005 21

236U* Blokhin A. I., et al. BOFOD Feb. 1999
238U* M. Giacri, D. Ridikas, M. Chadwick ENDF/B-VII.0 Aug. 2005 22

237Np* M. Giacri, D. Ridikas, M. Chadwick ENDF/B-VII.0 Aug. 2005
238Pu* Blokhin A. I., et al. BOFOD Feb. 1999
239Pu* M. Giacri, D. Ridikas, M. Chadwick ENDF/B-VII.0 Nov. 2005 23

240Pu* M. Giacri, D. Ridikas, M. Chadwick ENDF/B-VII.0 Jun. 2005 24

241Pu* Blokhin A. I., et al. BOFOD Feb. 1999
241Am* M. Giacri, D. Ridikas, M. Chadwick ENDF/B-VII.0 Sep. 2005 25

*Has photofission data.

21Replaces Blokhin A. I., et al., BOFOD-90, CJD, Oct. 1990. Delayed ν̄ data added by LANL.
22Replaces Blokhin A. I., et al., BOFOD-98, CJD, Feb. 1998. Delayed ν̄ data added by LANL.
23Replaces Blokhin A. I., et al., BOFOD, CJD, Feb. 1999. Delayed ν̄ data added by LANL.
24The IAEA photonuclear library does not contain this isotope.
25The IAEA photonuclear library does not contain this isotope.
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